Na-'-,K+-ATPase was reconstituted in vesicles prepared by a dialysis method. Ion-exchange chromatography was used to obtain well characterized fractions from the inhomogeneous vesicle preparation. Lipid and protein content was determined by optical methods during the elution process. It was possible to separate fractions with distinct enzymatic and transport activities. A protocol was set up, which allowed to calculate the average number of 5-JAF labeled ion pumps per vesicle in the different fractiuns. The dependence of the number of protein molecules per vesicle was studied as function of the initial protein concentration added to the lipid solution before dialysis. The transport activity disappears completely at very low protein concentrations (3.3 jJ.g protein per mg lipid). This observation is in favor of the proposal discllssed in the literature, that the hcterodimer (a{3)2 is the transport-active form of the Na +,K +-ATPase. The presented method can be applied to all reconstituted vesicle preparations in which the proteins can be labeled quantitatively \vith a fluorescence dye.
Introduction
Phospholipid vesicles with incorporated purified membrane proteins are widely used in studies of vectorial transport processes. In reconstituted vesicles it is possible to investigate only the protein(s) of interest and to perform highly reproducible experiments. For instance, functional reconstitution of Na+,K+-ATPase into phospholipid vesicles was a powerful approach to study ion-transport mechanism and kinetics of conformational transitions of the enzyme [1] [2] [3] [4] [5] . Several methods have been used to prepare proteoliposomes with reconstituted purified Na+,K+-ATPase [1, [6] [7] [8] [9] . Solubilization of lipid and protein in detergents followed by removal of the detergent by dialysis proved to be a very successful method [10] [11] [12] [13] .
Experiments with proteoliposomes are often accompanied by the problem to determine quantity and orientation of the incorporated proteins. To solve the question of protein orientation in case of the Na +,K+-ATPase, ouabain binding to the pump before and after vesicle opening or vanadate binding to the ATP site have been investigated 0005-2736/94/$07.00 © 1994 blsevicr Science RV. All rights reserved SSDI 0005-2736(94)IJO 193-6 [14]. However, all these methods average over inhomogeneous vesicle populations. 11 would be more informative, if number and orientation of the proteins, which are incorporated in the vesicles, could be determined independently. Attempts to estimate the average number of the incorporated proteins have been made by different methods [3, 9, 14, 15] . It was possible to recognize randomly distributed particles on concave and convex fracture faces of freeze-fracture electron-microscopic images. However, the absence of an adequate biochemical recognition mechanism for functional reconstituted proteins and difficulties in the statistical analysis of inhomogeneous vesicle populations [15] limit the quantification of vesicle based experiments.
A method to separate vesicle with different protein content by sucrose-gradient centrifugation of vesicle preparations has been investigated by Obermeyer [16] . However, this method turned out to be not sensitive enough to separate vesicles adequately with respect to the number of reconstituted pumps per vesicle.
A frequently noted quantity, which characterizes the protein content. is the ratio of protein to lipid content of a vesicle preparation. The protein concentration is determined normally by the Lowry method or its modifications. But this ratio is informative only under two assumptions: (i) all protein llsed for proteoliposome formation is incor-
